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THE CONCENTRATIONS OF INORGANIC CONSTI- 

There i s  :I continuous interchange of elements between the 
tooth and i ts  environment, and within the tooth itself m i n y  inter- 
related physical and chemical processes are  involved in the :ib- 

sorption :inti tlistribution o f  these elements. A distui-b:ince in any  
one o f  lhese processes can ultimately he reflected throughout the 
entire syslem, n fact of which :my clinician is awire .  

The purpose of the present study WIS to examine dentine and 
enamel for nn increase in concentration of' some inorg:inic ron-  
stittients influenced by their presence in denti11 restorations. 

The concentrnlion of some trace elements in  normal 1ium:in 
enamel and dentine h:is lieen Ihe subject of recent investigalions 
(Sijremtrrlc & Sriinscrh2, 1982 ;i :ind 1)). The concentr:itions on the 
basis of dry weight were studied in fifteen inlact  first bicuspids 
froin 14-16 year old boys and girls. The d u e s  were obtained by 
means of neutron :ictivation analysis o f  enamel and dentine 
samples. Chemical group sep:\r;ition o f  the activated en:imel and 
dentine w a s  followed by gnmni:i-r:iy spectrometric analysis. 

I t  is :in important principle that  the esperiinent:il methods 
used for  sludying hio1ogic:il processes shoultl not themselves 
cause :I significant disturbance in the system under s t idy.  Be- 
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cause radioactive nuclides c:tn tisiially he detected in  ai i iot in  ts 
which :ire eslreinely minute when expressed in  ordinary cheniical 
terms, the isotope techniqiie gre:itly increases the range of meas- 
iiremenls which c a n  be carried out without vio1:tting this contli- 
tion. The  choice 0 1  ;I 1):irticul:tr techniqtte f o t ~  ;tnnlysis ol  tixce 
elements clepentls not only on its sensitivity ; i n t i  its reprocliicil)iIiiy 
but also o n  i ts  r:inge :inti coiivenienc-e. I3y ~iic:ins of' r;ttlioactiv;t- 
tion analysis many elements in  ittinute concentr:itions can  be 
tletectctl :in11 tleterininetl with greater sensitivity :ind precision 
than by other :tn:ilylic:tl niethorls. Neutron :tctiv;ttion :in:tlysis is 
both sensitive :tnd reprotlucilile. 

On the  basis o f  the previous findings 01' the concrntixtion oi' 
some trace eleinenls in n o r m a l  hiirn:tn c~n:iiiiel ant1 dentine i t  
seemed o f  interest to stiitly the inl'liiencc o f  tien1:il restorations 
on the  noriital concenlr:tlions of' eleinents in  these tissues tising 
the s:tiite :tn:tlytic:tl method. 

Investigations in vitro 

Ten intact prc~niol:trs, e\tr:tcterl for orthodontic reirsons from 
14-16 ye:'" old boys :in(! girls were used in this study. Iiniiiedi- 
;itely after e\tr:tction the teeth were \wshed in  s:tline solution 
for onc minute and then storerl in ;I refriger:ttor :it 1 "(: until 
used, hu t  no longer than for 2 days. \17hen used the  teeth were 
kept :it ahout 20°C. Care w a s  taken not to  dehydrate the teeth. 

;Ltrtr~rctdic~yrrrplt~ t o i f h  t h e  rtrdiotrctirw yold nrrclrde AtilqH 

For the :tutor:ttliogr:tphic sttidy four  tecth were used in their 
entirety. I n  two tcelh, ordinary cl:i\s V c:tvities were prep:tretl 
a t i t !  gold inlays were made :in11 ccriientetl with phosph:tte ceinenl. 
On two teeth, circumferential gold clasps were pI:icetl in contacl 
with the int:icl I)iicc*:il and 1ingn:tl enantel surfaces. 

'I'hese f o u r  teeth were stored in :I saline solution :it 20°C I'or 
three weeks \villi the gold inhys :tiid c1:tsps in s i t i i .  The gold used 
cont:iinetl about  150 ,C Aii198 per gr:im gold. 'I'he raclioactive gold 
w a s  prep~iretl in  the neutron re:iclor, K 1 ,  in Stockholm. 'I'he teeth 
were einbetltlerl i n  ;I specin1 :icrylic resin ((Lstoli le) : ~ n d  then cut  
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with :I di:trnontl instrunlent through the fillings {ind clasps in 
longitudinal sections :ibout 150 microns thick. The pieces of in- 
lays and c1:tsps in  the various sections were then c:irefully re- 
moved. 'l'he sections, which were niotintetl on glass slides with 
doublefaced cellulose tape, were then washed in  t ap  water for 2 
hours. After drying with a n  air blast for 2 minutes. the sections 
were plucetl in  c o n t x t  with Gevaert's Dentus k i p i d  X-ray ernul- 
sions for exposure in order to obtain : iutor~idio~r:ims al ter  :I suf- 
ficient time of exposure, ordinary developing, and  fixing pro- 
c ed ti res. 

C)iicrnIittrtiue nietcaiirements of Ihe concerrlrtition of stinie truce elenirnts  
zn enrrniel and  dent ine 

For these n i e : i ~ ~ ~ r e n i e n t ~  sia teeth were user1 in  their entirety. 
On two intact preniol:irs ordinary preparations and gold :%- 
crowns were made and ceiiientetl with phosphate cement. On two 
teeth chrorniurn-cobnlt clasps (circum1erenti:il retainer with oc- 
clusal rest) were m i d e ;  011 two other teeth p1:itinum clasps of 
the same type. 

These sia teeth were stored in ;I saline solution at  20°C for 
three weeks with their crowns and cl:isps in sitzi, after which t ime 
they were renioved by IiOlyethyleiie-covered instruments.  The 
teeth were then m:ished for 2 hours  in  t:ip water.  Enaniel and  
coronal dentine were sepnr:ited by chipping ant1 breaking with 
polyethylene-covered instruments. Almost the total enamel and  
coron:il dentine from e;ich tooth was dried in :in electric oven a t  
105°C for 18 hours. For these qii:intit:itive measurements stnnd- 
ards in known :irnounts of the elements to he  studied were p u t  
into separate polyethylene tuhes and pl:lced logether with the 
unknown sample in  ; i n  :iluminium can for neutron activation in 
:I flux of ;ibout 2 x 1 0 1 *  neulrons x cn-2 y see.--' for  bout 20 
hours. 

By this neutron hornbartlnient many elements become radio- 
active :ind can thereby he itlentifiecl and analyzed by measuring 
the radioactivity induced. 

When the period o f  irradiation was completed, the samples 
were dissolved in strong HCI solution containing HnOn. The solu- 
tion was then subjected to chemical group separation. This chemi- 
cal procedure w:is based on :I system or short ion cvchangers 



218 IIUNI! S6 lWM.\ l iK ,  OVE I N G H I S ,  lIhli1\T Pl,l*:'lY' AXI) K N U T  ShMShHI. 

coupled in  series f o r  sepurntion o f  the elements in  eight groups. 
l'his sep:ir:ition W:IS m:icle :IS :I pretre:itment for ganini:r-r:ty 
spectrometric m:ilysis in order to avoid overliipping o f  the  radia- 
tion o f  the tlifl'erent nuclides in the spectr:~. l'he v:irious pro- 
cedures have been described hy Snmsrrhl ( 1 9 6 1  ) and Siireinrrrk c t  

Slnnistrlil ( 1962 c 1. The :ictivity WIS rne:isured with :I 23i-ch:tnnel 
g:imiii:t spectrometer. Qu:intit:itive tlnt:i based on the dry weight 
o f  the ennniel and dentinal s:irnples were ohL:iinetl hy comparing 
the g:riiitn;i intensity of the  identified eleriients with those of the 
:ippropri:ite stand:irtls. 

Investigations in vivo 

Six intact  premolar\  o f  the \:\me type :I\ tho\e used in  the 
\tiitlie\ in uitro described above were alw used in  thi\ par t  ol' the 
\tudy. The patients were Inale\ in  the 1 6  20 ye:ir old age group. 

Three week\ liefore the teeth were e\lr:iclerl :in ordinary class 
1 cavity w:i\ prepared in two of the teeth and  fillctl with a1ii:ilg:irn 
(type " t i t i " ) .  On two ol  the teeth chromiiim-cob~i{t c1:tsps (circurn- 
terentiiil retainer with a n  occl~i\:iI I e \ t )  were fitted :intl on two 
other teeth gold clasp\ o f  the wine type were :ipplietl. After the 
three week\ ant1 after extr:rction o f  the teeth the cl:i\ps a n d  the 
ania lg i in  lilling\ were removed. The teeth were then w:i\Iied in  
t:ip-w:iter t o r  2 hours.  'l'he en:iniel and coron:il dentine were 
\ep;ira led with 1) o lye t h y 1 ene-cove r etl in s t r 11 ni en t 4. I n the fur t 11 e r 
rn:inipul:ition\ of neutron :ictiv:ition, cliemicnl \epar:ition, and  
the inea\uring o l  the :ictivity, the procedure5 tle\cribed :hove 
mere lollowetl. 

IiES I'LTS 

The results ( i . r .  of the studies in uitro :IS well :is in uino)  showed 
in  en:iniel and dentine high concentrations of those eleriients 
present in  the restorations or  clasps applied to the teeth tinder 
study. I n  comparison with previous studies of the norni:il con- 
centrations o f  inorganic consti tuents o f  in1;ic.t en:iinel :ind dentine 
fro111 bicuspids ol' huni:ins of the s:inic1 age a s  in  the present study, 
:I signi1ic:int increase o f  the concentrations of .Ig, Zn, Au, (10, Cr, 
Hg, and P I  WIS observed. 



Investigations in vitro 

In the studies in v i t ro  the :iutor:irliogr:iins showed that radio- 
gold ( A L I ~ ~ ~ )  WIS t:iken tip by the phosphate cement layer. X 
n:irrow diffuse 1)l:ick zone w:is :ilso found in the :iutor:itliogr:iriis 
corresponding to the dentin:il w:ills o f  the cavity. This int1ic:itetl 
:in uptnlte o f  r:icliogoltl also in the dentine. The two teeth which 
h:id gold cliisps on their en:irnel surfaces f o r  three weeks :ilso 
showed :iiitor:idiograpliic~illy :I sm:ill uptake of r:itliogoltl in the 
areas of  the en:iinel surf:ice which hat1 been in cont:ict with the 
c 1 :I s p s. 

l'he (1 tian tit:\ tive me:i surements by means o f  neii tron :ic t i w  ti on 
:inalysis o f  the whole en:imel : i n d  o f  lhe coronal dentinal piece 
from e:ich tooth showed :I pronounced increase i n  the concentra- 
tions of those elements also presenl in  the restor:itions and clasps. 

The analysis o f  the concentrations o f  vnrious elements in  the 
two teeth covered with gold %-crowns for three weeks showed :I 

concen1r:ition of' gold in lhe enamel of :tholit I p.p.ni. h s e d  on 
dry weight. The norinal concentrtition o f  gold in intact ennmel 
h;is heen found to he 0.02 p.p.m. (Siirr~nirrrk & S t r l ~ ~ s r i h l ,  1902 :I). 
In the coronal dentine the concentration o f  gold w a s  found in the 
present study in vitro lo be about 2 1j.p.m. The normal concentr:i- 
tion in coron:il dentine has previously been found to be 0.03  
p.p.m. (Siircmrrrk & S ~ ~ n ~ s i i l i l ,  1Ni2 h ) .  No significant increase o f  
the concentr:itions o f  other tr:ice elements in the enamel or den- 
tine could be ollservetl in the g:imnin-r:iy specl r a  from these tmo 
teeth. 

'I'he two teeth which carried the chronliiinn-coh:ilt cl:isps 
showed the following concentrations : enamel :il)ou t 1-2 p.p.ni. 
o l  Cr and :ibout 1-2 p.11.m. of Co. In the dentine the concentrn- 
tion of' these elements w a s  low. In the teeth with the platinum 
c1:isps the concentr:ition of' Pt w:is nbout  0.1 p.p.111. in the enaniel 
and :il)out 0.0001 p.p.ni. in the dentine. The concentr:rtions 0 1  
other trace elernents in these teeth did not significantly deviate 
l'rorn the nornial values o f  int:icI hard tissues ol' teeth prefioiisly 
studied. 

'I'he v:ilues f'rorn riff the teeth tleterinined in this stutly in vifro 
;ire given in T:ible 1 :incl comp:iretl Lo the norin;il concentrations 
of the  s:ime elements. 



Table 1 .  
Results of studies in vi lro.  

Normal conc. 
in p.p.1n.l) 

15 teeth 

Ele- 
~ ment 

Conc 
in p.p.ni. i n  

present study 

1 %n 
Mn 
c u  
Au 
Cr 

I 

~ ~ 

1)entine 
~ 

Normal cone. Conc. 
in p.11 m.') in p.p.m. in 

I 5  teeth present studj 
~ 

199+ 78.1 216-160 
0.19+0.06 1 0.22-0.26 

/. 11 
&I 11 
(:u 0.21 k0.10 0.3 2 - 0.2 2 

0.02 + 0.01 1.2; 1.1 Au 0.03 0.01 2.4; 2.1 

Pt  0.08; 0.1 

1 )  According t o  horrmtrrk &L btrnistrlil ( 1962 a 1 .  
2 )  According t o  Sijrernurk & Strii~scrhl (l!)ti% 11). 

: J )  Mean from three intact tcelh. 

Investigations in vivo 

In the studies in oino the neutron :ictiv:tlion :tnd gamma-ray 
spectrometric analysis of the teeth, which helore being ehtmcted 
h:id h:id wirious restorations :tnd cl:isp\, a l \o  showed :I co~np:ira- 
lively very high concentration of' tho\e element\ which were 
pre\ent i n  the restorations o r  clnsp4 which the teeth hail been 
euposcd to. No \ignif'ic:int increase of  the  concentration5 of other  
trace elements in the en:imel o r  tlentine could he ol)\ervetl in the 
g:inini:i-r:iy spectr:i. 

The  teeth with the gold 3 ~ - c r o w n s  in s i f u  for three weeks 
sho\vetl :I high concentration o f  gold in the en:imel and  dentine, 
:il)out I p.p.m. :tnd 2 p.p.ni. re\pectively. 

The  ;\u-concenlration of' the leeth with Ihe gold clasps W:I\ 

:tl)out 0 . 7  p.p.ni .  for en:tmel but :thou1 nornial for dentine. T h e  
chi-omiuni and cob:ilt concentrations in the enamel o f  the two 
teelh with lhe c.hromii~m-col~nlt cla\ps were :ibout 1.5 p.p.111. f o r  
Cr and about 1 p.p.iii. for Co. T h e  corresponding figures i n  dentine 
were :il)out 0.03 :ind 0.01 p.p.m. 

The teeth with :im:ilgarn filling\ in c1:iss I c:ivitie\ showetl :I 

concenlration o f  silver of' :tbout 25 p.p.m. in en:iincl and a1)otit 
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45 11.p.m. in dentine. The corresponding figures for Zn were 
37.5 p.p.rn. and 380 p.p.m., respectively :inti for Hg about 1 7  
p.p.m. in enamel and 27 p.p.m. in dentine. 

The v;ilties lroni (111 the teelh determined in this study in viuo 
:ire given in l':ible 2 and comp:irerl Lo the norim1 cwncentr' 'I t' Ions 
of the elements. 

Table 2. 
Results of studies in uioo .  

Ele- 
ment 

~~ ~ 

z II 
~ XI11 

Sornial COIIC. 

in p p.m.') 
15 teeth 

276+106  
0.54 & 0.08 

CU 0.2GAO.11 
0.02+0.01 

Cr 0.005&0 OO?5, 

Ag 0.005 +O.OOZ 
co 0.004~0.001 ' )  

- 

4313-311 Z n  
0.til-0.52 , bl11 
0.31-0.24 , CU 
0.9,'J 1.1;') AU 

0 . 5 ;  1.9 

24, 26 Ag 

1 .5,4) 0.8,~) 

().ti; 1.0 ~ :: 

Normal conc. Conc 
in p.p.m.') 

15 teeth 

199 78.1 
0.19 0.06 
0.21 & 0.10 
0.03 FO.01 

0.005 i0.0035) 

0.004 +O.OO? 
0.006 +0.002~)  

in 11.p m.) i i  
present stur 

__ 

380-355 
0.36-0 17  
0.32 -0.19 
1.6,$) 2.2;s) 
0.04;') 0.02; 
0 . 0 2 ; ~ )  0.03 
0.01; 0.02 
47; 51; 

1 )  According t o  Sorenitirk tk Strnistcht f 1962 a ) .  
2)  According t o  Siirenitrrl; & Sirmscthl (1962 I ) ) .  
3 )  \'slue\ from the t w o  94 crown-covered teeth. 
4 )  I'alues from the two tceth with gold clasps. 
5 )  Mean from three intact teeth. 

In :dtIition to these experiments the gold concentration in 
en:tmel and dentine w i s  studied in :in upper incisor lrom :I l t i -  
year old boy. This tooth had been covered with a gold .?A-crown 
lor three years. In the enamel the gold concenlration w a s  I'otind 
to be 4.6 p.p.rn. and in the dentine 1.5.7 p.p.rn. 

DISCUSSION 

From the present investigations we may conclude thn t elements 
present in various reslorntive materials in contact with enamel 
:tnd dentine penetrate into these tissues. The present investiga- 
tions it8 vim and in iJifro clezrly seem to indicate this. 
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l'he concentration in the dental  hard tissues will consequently 
increase for those elements which :rlso :ire present in the restora- 
tions. The present study c:innot show t h e  rate ol' 1r:insport of 
ions or  molecules froin the restorative ii1:iterial into the teeth. 
However, it  would seein thnl this t ransport  continues for  :I long 
period o f  time. Pro1):ibly the rate o l  uptake o f  elements in the 
Ii:ird tissues of the teeth is exponentially in  agreement with Ihe 
rate of en;irnel uptake o f  w r i o u s  topically :ippliecl ions. 'I'he Lime 
lor reaching the steady stale \voiild Jilso he  interesting to  know. 
According to HohPrtson (1 957 1 the term "steady st:ite" denotes 
the concentr;ition o f  the certain eleriienl i n  :I tissue (here  enamel 
and dentine) a t  which the r:ite o f  re inowl of the  element is eqiial 
to the rate of re1)l:iceinent of new ions or  molecules o f  the element 
in question. 

Nearly :ill of the en:iiiiel :inti the entire coronal dentine were 
sti1)jectetl to neutron :ictiv:ition ant1 g:imrn:i-roy slmtronietr ic  
nn:ilysis in the  present study. 'Hiis means th:it the values ob- 
t:iined for the concentrations o f  t h e  vnrious elements represent ;I 

me:in concentration of the elernent in  question in the whole 
xi ni pl e f r om e:ic h loot h . Con se (1 ii e t i  1 I y, the 1) resent s t I I ( I  y ci i  n n ( ) t 
show the concentr:ition of the element in the surf:ice layer of the 
en:imel : i n t i  dentine in inirnet1i:ite contact with the niel:il restor:(- 
lions. However, i t  can he e cteti that the sur1':tce in cont:ic-1 
with the restorations and cla Ii:itl :I very high concrntr:ition o f  
the elements in question in  cornparison with the me:in concentra- 
Lion of the same elernent in the whole s:iniple under study. 'l'he 
:iutor:idiogr:ins a r e  offered as evidence tor this ;issurnption. 11 
will be noted that  in  the present study using the very sensitive 
nn:tlysis niethods for c~unntilntive riie:istireiiienls, grinding layers 
or sections from the h:irtl tissues by iiieans o f  varioiis instru- 
ments \voiiId probably have con1amin:iterl the s:iinples. 

A surprisingly good :igreenient was l o t i n t 1  belween l h e  v:iliies 
obtained in  the studies in uitro ant1 in nioo. 

For lurther discussions of the  concentrations of t r x e  elenienls 
in  the hard  tissues of the teeth see the reviews hy I,eicrsfer (1953) 
and .Jenkins (1960). 



S UMhI ARY 

l‘o obt:iin :I Iietter iiiipression 0 1  j u s t  how viritlly the dental 
hard tissues interact with their environment, studies were carried 
out in zJiiro :inti in oiiio on intact hurnan teeth. The teeth were 
:in:ilysetI :ifter having been restored with gold inhys,  silver 
ani:ilgam, ant1 gold veneer crowns, or iif‘ter having had gold or 
chromiuiii-cob:~It cl:isps in conkict with their enamel surf‘:ices for 
given periods of time. 

To determine if and where penetration of these inet:ils into the 
tooth substance had occurred, two :inalytical procedures were 
einployed, ( 1 ) the :iutor:tdioSrapIiic inethotf using the gold nuclide 
Au~YH in the  cl:isps and restor:itions; ( 2 )  neutron activation and  
c1iernic:tl group sep:ir:ition in coinbin:ition with ganirna-ray spec- 
trome t ry . 

In :ill of‘ the experin1ent:il teeth were the concentrations of‘ the 
elements of the c1:isps and  res1or:itions ni:irketlly higher than in 
teeth not having been exposed to simil:ir conditions. 

INFLUENCE DE QUELQUES RESTAURATIONS DENTAIRES SUR LES CON. 
CENTRATIONS DES COMPOSANTS INORGANIQUES DE DENTS 

Pour se f:iire tine nieilleure idke justernent comment les tisstis 
durs dentiiires co1l;iborent ii leurs environs tles 6tudes in iiilro et 
in nino ont kt6 1‘:iites tle dents i n t x t e s  tl’hornrne. Les dents on1 
616 analyskes aprbs restaur:ition par introduction d’or, :~m:~l#ame 
tl’nrgent, couronnes d’or oii  :iprbs position de crochets tl’or o i l  

chrorne-col.)nIt en contact de leiir surfaces d’kniail penr1:tnt cer- 
1:iines pkriotles tle temps. 

Pour d6terrniner si e l  ou la  1)knktr:ition par 1:1 substance tlen- 
taire de ces niktaux :iv:rit eu lieu, deux proc6d6s analytiques ont  
ktd elnployks; 1 ) I n  inCthode :iutoradiogr:tphicue par la nuclide 
d’or Ati1YR iiux crochets e t  rest:iiiraLions; 2 )  :ictiv:ition tle neu- 
trons et s6par:ition chimiclue de groupes en combinnison de spec- 
tromktrie tle rayons gamma. 

1)e toutes les dents expkrimentales les concentrations ties 616- 
ments ties crochets el des rest:iuriitions 6t:iient considCr:iblenienl 
plus haules clue celles des dents p:is esposkes :it is  conditions 
si rnilai res. 
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DER EINFLUSS EINIGEN DENTALER RESTORATIONEN AUF DIE: KONZEN- 
TRATION DER ANORGANISCHEN BESTANDTEILE DER ZAHNE 

Urn einen hesseren Einblick ZII  gewinnen, in welchern Uinl'ang 
die H:irtge\vebe der  ZRhne von ihrer Umgebung heeinflusst wer- 
den, wurden Untersuchungen a n  gesuntlen inenwhlichen Ziihnen 
aiisgefiihrt in aitro lint1 in uino. Die Ziihne wtirden :in:ilysiert, 
nachdeni sie rnit Gold-Inlays, Silber:iin:ilgai~if~~ll~~ngen oder Gold- 
kronen versehen wortlen waren orler n:ichtlem Gold- otler Chrom- 
K o h l  t kl a ni nie 1-11 eine be s t i m rn t e Z ei t 111 it i h re r Sc hm el zo ber- 
l'liiche in Kon1:ikt gewesen waren. 

Urn ZII  be~tirnrnen, oh untl \vo die belreffenden Met:ille in die 
Z:ihnsubstanz eingedrungen \wren,  wurtlen 2 :inulytisrhe Unter- 
suchungsver~aliren verwendet : 1 ) Die :~utor~idiogr:iphisclie Me- 
lhocle, \vol)ei d:is r:itlioaklive A L I ~ ~ *  in den Klanimern 1)ezw. FCiI- 
lungen ztir An\vendiing kam, 2 )  Neutron-Bktivierung iinrl che- 
ni iwhe Gruppentrennung in Verbindung mit  ( ; : i~ i~~ i~ : i s t~ ; i l i l en -  
Spelc t roslcopie. 

In :illen bo tintersuchten Ziihnen w:ir (lie Konzenlr:) tion der  
Stoffe iius den Klamniern resp. Restorationen inarltant hiiher als 
i n  ZShnen, die uicht solrhen Ueriihrungen :iusgesetzt w r e n .  
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